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Abstract 16 
Thirty nine primers, developed from the sister species Plantago major and P. intermedia, 17 
were tested in two Hawaiian Plantago species from the section Plantago. Eight primers were 18 
polymorphic, of which three were published earlier, and five are new ones presented here. 19 
Amplification and polymorphism levels appeared to be high in these Hawaiian species. These 20 
markers will be valuable for further mating system and evolutionary studies in species from 21 
the section Plantago that are closely related to P. major and P. intermedia.22 
 3
The genus Plantago has 200 – 260 species (Rønsted et al 2002) with a wide range of mating 23 
systems. The section Plantago has around 42 species (Rahn 1996). To understand genetic 24 
diversity of endemic species on Hawai‘i and the evolution of their mating systems 25 
polymorphic nuclear molecular markers are needed. Squirrell and Wolff (2001) published ten 26 
microsatellite markers derived from P. major L. and P. intermedia Gilib. These two 27 
widespread species are closely related, but have different ecological characteristics (Morgan-28 
Richards and Wolff 1999). Cross species amplification of those 10 markers was poor, except 29 
in some species from the same section (Squirrell & Wolff 2001). Now more markers have 30 
been developed from the same library. Here we test the new markers and those already 31 
published in two species from the section Plantago endemic to Hawai‘i, namely P. 32 
hawaiensis (A. Gray) Pilg. and P. pachyphylla A. Gray. Primers developed from P. 33 
lanceolata, P. coronopus and P. maritima have not been tested in the Hawaiian species as it 34 
has previously been shown that they do not amplify a microsatellite fragment in species from 35 
the section major, but only amplify in closely related species in their own section (Koorevaar 36 
et al 2002, Hale and Wolff 2003, Nillson et al 2006, Wolff, unpublished). 37 
 38 
Primers were tested using fluorescently labelled forward primers (table 1). In the species P. 39 
major and P. intermedia the loci were amplified in 10µl reactions in an MJR thermocycler as 40 
described by Squirrell & Wolff (2001) with annealing temperatures of 52°C and 50°C. PCR 41 
fragments were analysed on an ABI3100 Gene Analyser, using GENESCAN software 42 
(Applied Biosystems) with ROX500 as size standard. In P. hawaiensis and P. pachyphylla 43 
loci were amplified in 10 µl reactions containing 1.5U of Taq DNA Polymerase, 1Χ PCR 44 
buffer (Eppendorf), 0.2 µM of each primer, 0.2mM of each dNTP, and approximately 5 ng 45 
genomic DNA using a MJR thermal cycler.  Amplifications used the following PCR cycling 46 
 4
conditions: initial denaturation of 94°C for 2 min, then 35 cycles of 94°C for 50 s, 55 or 58°C 47 
for 1 min, and 72°C for 1 min, and a final elongation cycle of 72°C for 10 min.  An annealing 48 
temperature of 55°C was used for all primer pairs except for JPi18, which required an 49 
annealing temperature of 58°C.  PCR products were visualized using an ABI PRISM 377XL 50 
DNA sequencer (Applied Biosystems) and fragments were sized using LIZ500 molecular size 51 
marker (Applied Biosystems) and GeneMarker version 1.4 (SoftGenetics, LLC).  52 
 53 
Levels of polymorphism for the new primers in the originating species P. major and P. 54 
intermedia were determined in 21 – 26 individuals from two populations, one from the 55 
Netherlands (Deventer) and one from England (Hamsterley) for each of the two species. 56 
Diversity estimates, number of alleles and observed and expected heterozygosity were 57 
calculated using Genalex (Peakall & Smouse 2006). All loci amplified fragments in both 58 
species, irrespective of the species they were originally cloned from. As expected in these 59 
species with a high rate of selfing Hardy-Weinberg equilibrium was not observed, with a 60 
significant deficit of heterozygotes for all loci. No homozygote null genotypes were observed 61 
for any of the loci. Linkage disequilibrium was observed for many of the locus combinations, 62 
in particular when P. major and P. intermedia populations were combined (38 out of 42 63 
combinations). Linkage disequilibrium can be expected with small sample sizes, with highly 64 
selfing plants, and when there is strong population structure. 65 
 66 
P. hawaiensis and P. pachyphylla, species endemic to Hawai‘i, from within the section 67 
Plantago, were tested for cross-species amplification (table 2). Out of the 39 primer pairs 68 
tested 32 amplified a fragment. Out of those seven appeared not reliable and 25 amplified a 69 
fragment that had the stutter signature of a microsatellite. 17 of those appeared monomorphic 70 
 5
in the test set and eight loci were polymorphic. For example, Jpi11 and Jpi16 (Squirrel 71 
&Wolff 2001) amplified well, but appeared to be monomorphic. Previously published primers 72 
Pm6 and Pi3 were not tested. Fragment sizes in the Hawaiian species were comparable to the 73 
sizes in P. major/intermedia. The new primers were also tested for amplification in P. 74 
lanceolata, P. coronopus, P. maritima, P. rugelii, and P. media. The last two species are also 75 
from the section Plantago. However, only Jpi9 amplified a fragment in P. media and P. 76 
lanceolata. The rate of cross species transferability in the genus and even within the section 77 
Plantago is limited. However, the loci appear extremely useful for evolutionary studies in the 78 
Hawai’ian species in the section Plantago.  79 
 80 
Consistent with the tetraploid nature of Hawaiian Plantago species, 1-4 alleles were observed 81 
for each individual at all loci. The program F-DASH (Obbard et al. 2006) was used to 82 
calculate number of alleles and the allelic phenotype diversity statistic, H’, which was used to 83 
estimate genetic diversity within populations.  The advantage of this diversity measure is that 84 
it takes into account the greater similarity of phenotypes that share more bands than those that 85 
share fewer (Obbard et al. 2006). 86 
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Table 1 Characteristics of seven new microsatellite loci from Plantago major and P. intermedia, including locus name, GenBank accession 111 
number, repeat motif and allele size range. 112 
Locus Genbank accession 
number 
Primer sequence 5’-3’ 5’ label in P. 
major and P. 
intermedia 
5’ label in P. 
hawaiensis and 
P. pachyphylla 
Type of 
micro 
Size in P. 
major and  
intermedia 
Size in P. 
hawaiensis and 
P. pachyphylla 
 
 Cloned from P. intermedia      
Pi5 EU983546 F: TTGTTTCCATGTACGGATGG HEX NA (TG)11 214-306 NA 
  R: ACGGTCATTGCCTTACCA      
JPi9 EU983547 F: ACCCAGACAGCCTGTGAAAG TAMRA NED (CA)9 189-205 177-183 
  R: TCGCTTTGATGAAATGAGACA      
JPi18 EU983548 F: AGTCTTGAAAATGCCGGTAAG FAM FAM (AAG)10 149-173 147-246 
  R: CCATTTCAAAAATCAACTAACTCA      
JPi21 EU983549 F: TGCGCGTAGCAGAGAAATTA HEX HEX (GAT)6 194-197 187-202 
  R: ATGACAAGCCCCTCCTCACT      
 
 Cloned from P. major      
Pm2 EU983543 F: AAGTTTGGATATGTTGGTTC FAM NA (AC)7 114-130 NA 
  R: AATTCTACAGAGAGTACAGAGTG      
Pm9 EU983544 F: AGAGATGATGAACTGATAGATAAA FAM NED (AG)18 140-168 90-126 
  R: TCTTCTCCAAGACGCAAC      
Jpm14 EU983545 F: TGCATTCCACAAGTAAATGTTCA FAM HEX (CA)21 198-237 196-210 
  R: GGAAGATGTGGCTTTCAAGG      
 113 
 114 
 9
Table 2  Diversity measures in four Plantago species, with the number of samples (N), 115 
number of alleles (A), the observed (HO) and expected (HE) heterozygosity, and H’, 116 
phenotypic diversity in tetraploid species. NA: not assessed.  117 
 118 
Locus P. major (N=21) P. intermedia (N = 
26) 
P. hawaiensis 
(N = 47) 
P. pachyphylla 
(N = 199) 
 A HO HE A HO HE A H’ A H’ 
From P. intermedia         
Pi5 4 0.19 0.63 11 0.31 0.83 NA NA NA NA 
Jpi9 7 0.05 0.65 11 0.04 0.78 3 0.84 4 1.08 
Jpi18 5 0.29 0.75 6 0.12 0.75 2 0.09 19 1.25 
Jpi21  1 0 0 2 0.04 0.17 2 0.91 4 1.04 
From P. major          
Pm2 3 0.24 0.52 5 0.12 0.63 NA NA NA NA 
Pm9 7 0.14 0.71 9 0.19 0.80 4 0.62 13 1.64 
Jpm14 11 0.38 0.85 9 0.23 0.74 5 1.03 7 1.57 
From Squirrell & Wolff (2001) (N=10 in P. major and in P. intermedia for these loci) 
Jpi7 5 0.40 0.73 5 0 0.76 8 0.72 6 0.45 
Pm3 1 0 0 5 0 0.78 7 1.50 14 1.82 
Jpm3 10 7 0.50 5 0 0.80 5 1.21 10 1.43 
 119 
 120 
